Disruption of plastid acyl:acyl carrier protein synthetases increases medium chain fatty acid accumulation in seeds of transgenic Arabidopsis  by Tjellström, Henrik et al.
FEBS Letters 587 (2013) 936–942journal homepage: www.FEBSLetters .orgDisruption of plastid acyl:acyl carrier protein synthetases increases
medium chain fatty acid accumulation in seeds of transgenic Arabidopsis0014-5793  2013 Federation of European Biochemical Societies. Published by Elsevier B.V.
http://dx.doi.org/10.1016/j.febslet.2013.02.021
⇑ Corresponding author. Fax: +1 517 353 1926.
E-mail address: henrik@msu.edu (H. Tjellström).
Open access under CC BY-NC-N
Open access under CC BY-NC-ND license.Henrik Tjellström a,⇑, Merissa Strawsine a, Jillian Silva b, Edgar B. Cahoon b, John B. Ohlrogge a
aDepartment of Plant Biology and Department of Energy, Great Lakes Bioenergy Research Center Michigan State University, East Lansing, MI 48824, USA
bDepartment of Biochemistry and Center for Plant Science Innovation, University of Nebraska-Lincoln, Lincoln, NE 68588, USA
a r t i c l e i n f o a b s t r a c tD license.Article history:
Received 29 November 2012
Revised 17 January 2013
Accepted 8 February 2013
Available online 20 February 2013
Edited by Michael R. Sussman
Keywords:
AAE15/16
Acyl chain activating enzyme
Cuphea
Medium chain fatty acid
Thioesterase
TriacylglycerolEngineering transgenic plants that accumulate high levels of medium-chain fatty acids (MCFA) has
been least successful for shorter chain lengths (e.g., C8). We demonstrate that one limitation is the
activity of acyl-ACP synthetase (AAE) that re-activates fatty acids released by acyl-ACP thioesterases.
Seed expression of Cuphea pulcherrima FATB acyl-ACP thioesterase in a double mutant lacking
AAE15/16 increased 8:0 accumulation almost 2-fold compared to expression in wild type. These
results also provide an in planta demonstration that AAE enzymes participate not only in activation
of exogenously added MCFA but also in activation of MCFA synthesized in plastids.
 2013 Federation of European Biochemical Societies. Published by Elsevier B.V.1. Introduction
In plants, almost all de novo fatty acid synthesis takes place in
the plastid stroma [1]. Plastidial elongation of acyl chains is termi-
nated by the activity of acyl-ACP thioesterases, which catalyze the
hydrolysis of the fatty acid-ACP thioester bond. These enzymes are
therefore major determinants of the chain lengths of fatty acids
produced in the plastid. Plants express two types of acyl-ACP thi-
oesterases, FatA and FatB, which in most plants are responsible
for release of 18:1 and 16:0, respectively [2].
Some plant species accumulate high levels (>50%) of medium
chain fatty acids (MCFA, 6–14 carbons long) in their seed oil and
in some cases up to 95% (e.g., Cuphea pulcherrima). These plants ex-
press specialized FATB acyl-ACP thioesterases that have evolved
speciﬁcity for hydrolysis of medium chain length acyl-ACP sub-
strates. MCFAs have valuable applications as free acids, alcohols
and other feedstocks for the chemical industry. For example, MCFA
esters are used as components in plasticizers, lubricants, surfac-
tants, perfumes and ﬂavoring [3,4]. Furthermore, oils with MCFA
have lower caloric content and are more rapidly absorbed in the
small intestine in animals. 12:0 and 14:0 FA are available fromcoconut and oil palm, both of which are species limited to cultiva-
tion in tropical climates. Thus, there are substantial economic and
nutritional reasons for developing temperate crops with high lev-
els of MCFA and this has been the target of a number of metabolic
engineering efforts [5–7]. The most successful example is the accu-
mulation of 58% mol% 12:0 in Brassica napus[8]. Unlike lauric
(12:0), octanoic (8:0) and decanoic (10:0) acids are not available
from current commercial oil crops. Large scale renewable produc-
tion of octanoic would be particularly valuable because of several
applications including in plasticizers (as octanol), and potentially
as fungible biofuels. Cuphea hookeriana accumulates up to 75%
8:0 plus 10:0 in seed oil [9]. Transformation of B. napus with the
FATB2 acyl-ACP thioesterase from C. hookeriana resulted in up to
35 mol% of 8:0/10:0 in seeds [10,11]. Thus, compared to C. hooke-
riana the level of 8:0 or 10:0 achieved in transgenic plants is sub-
stantially lower.
Several mechanism have been proposed to explain why trans-
genic plants are not able to accumulate levels of MCFA as high as
native species. These include low enzyme speciﬁcity of down-
stream enzymes needed for MCFA incorporation, b-oxidation and
disruption of membrane integrity [12]. Laurate is poorly incorpo-
rated into the sn-2 position of TAG [13]. Poor incorporation by acyl-
transferase or other enzymes may subsequently lead to diversion
of MCFA into b-oxidation and the turnover of lauric acid in
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partly overcome by co-expression of a coconut lysophosphatidic
acid acyl transferase (LPAAT) together with UcFATB in B. napus
which resulted in increased 12:0 incorporation into TAG [8].
An additional less considered mechanism that may limit
MCFA accumulation is that fatty acids released by the FATB
acyl-ACP thioesterases are re-activated by plastidial acyl-ACP
synthetase (AAE) reactions, thereby allowing their further elon-
gation. Such a mechanism might be related to earlier studies
where it was observed that medium-chain FA added to plant tis-
sues are elongated to 16 and 18 carbon chain-lengths [15–17].
However, the enzymes or pathways responsible for this metabo-
lism were unknown until Koo et al. [18] found that a mutant
line disrupted in At4g14070 (AAE15) had an 80% reduction in
elongation of exogenously supplied MCFA [18]. This gene and a
closely related homolog, At3g23790 (AAE16) encode plastid-
localized ‘‘acyl activating enzymes’’ that are members of a gene
family encoding 63 proteins with AMP binding domains [19]. Be-
cause AAE are able to reactivate fatty acids of both medium and
longer chain lengths, it is possible that they play a role for plants
to cope with unintended hydrolysis of medium chain acyl-ACP
hydrolysis [18] and/or are involved in acyl editing [20]. In this
study we used the aae 15/16 double mutant to investigate if
reactivation of MCFA to form acyl-ACP reduces the ability of
transgenic plants to accumulate MCFA in seed oil. Additionally,
our results address whether AAE15/16 are involved in activation
of plastid synthesized MCFA as well as those supplied exoge-
nously to plant tissues.2. Materials and methods
2.1. Plant growth
Arabidopsis varieties WS and aae 15/16 were grown in soil at
120–150 lEs in 16/8h and 23/19C day/night cycle. The double mu-
tant aae 15/16 was generated by the single mutants aae 15 and aae
16 both in WS ecotype, as descripted in more detail in Koo et al.
(2005) [18].
2.1.1. C. pulcherrima gene ampliﬁcation and plant expression vector
construction
Total RNA was isolated from frozen C. pulcherrima developing
green seeds according to the method described by Suzuki et al.
[21]. Candidate C. pulcherrima (Cpu) FATB thioesterase genes were
identiﬁed among C. pulcherrima 454 sequences, through sequence
homology to the Arabidopsis thaliana FATB (GI: 837372) gene. The
CpuFATB3 genewas ampliﬁedbyPCR fromC. pulcherrimadeveloping
seed cDNA using the following oligonucleotide primers with added
EcoRI and XbaI restriction sites: 50-TACGAATTCATGGTGGCTGCT
GCAGCA-30 and 50-TAGTCTAGACTAAGAGACCGAGTTTCCA-30. The
EcoRI and XbaI digested fragment containing the CpuFATB3 gene
was ligated into corresponding sites of the pBinGlyRed3 binary
expression vector. pBinGlyRed3 contains the strong seed-speciﬁc
soybean glycinin promoter and a DsRed marker gene, as described
in Zhang et al. [22].
The Umbellularia californica (UcFATB, GI: 170555) thioesterase
gene was codon optimized for expression in A. thaliana and synthe-
sized with ﬂanking EcoRI and XhoI restriction sites to facilitate
directional cloning into the pBinGlyRed3 binary vector (GenScript,
Piscataway, NJ, USA). C. hookeriana ChFATB2 (GI: 1292905) and
Cuphea palustris CpFATB2 (GI: 1215719) clones were graciously do-
nated by Jonathan Napier’s group (Rothamsted Research, Harpen-
den, Herts, UK). Subsequently, EcoRI/SmaI and EcoRI/XhoI ﬂanking
fragments of ChFATB2 and CpFATB2, respectively, were ligated into
corresponding sites of the pBinGlyRed3 vector.2.2. Plant transformation
Plasmids with CpuFATB3, ChFATB2, UcFATB or CpFATB2 acyl-
ACP thioesterase genes controlled by the seed speciﬁc promoter
glycinin were transformed into WS and aae 15/16 background by
ﬂoral dip using Agrobacterium tumefaciens [23]. Positive transfor-
mants were identiﬁed by DsRed ﬂuorescence of seeds [24]. Tl, T2
and T3 seeds of wild type and aae 15/16 transformants were se-
lected on the same criteria to ensure that changes in acyl chain
composition is a result of plant background and thioesterase and
not a selection artifact introduced during the screening process.
Homozygous T3 seeds were used for FAME composition, TAG
molecular species and seed weight analysis. For each thioesterase
in WT or aae 15/16 background, seeds from 5 to 18 independent
homozygous transgenic lines were analyzed.
2.3. Lipid extraction
100 seeds of each line were ground in 1 mL of isopropanol with
a Polytron (PT 10-35 GT, Kinematica) and including 50 nmol
tri15:0TAG and 50 nmol of tri9:0TAG as internal standards. Lipids
were extracted according to [25]. TAGs were puriﬁed from lipid ex-
tracts using solid phase extraction (SPE). A glass–wool plugged
Pasteur pipette was ﬁlled with 0.8 g of Silica gel 70–270, 60 Å
and was preconditioned with 4 vol of CHCl3:MeOH (99:1). Samples
were dissolved in 500 lL toluene and loaded onto the SPE column.
TAGs were eluted with 4 vol of CHCl3:MeOH (99:1). TAGs were
analyzed as intact TAG molecules by direct infusion electrospray
ionization mass spectrometry (ESI-MS) and as fatty acid methyl es-
ters (FAMEs) by gas liquid chromatography (GLC) equipped with a
ﬂame-ionization detector (FID). For ESI-MS analysis 5% of the lipid
sample was dried under nitrogen gas and resuspended in 500 lL of
isopropanol containing 10 lM tri13:0TAG and 10 mM NH4Ac.
2.4. FAME analysis of medium and long acyl chains
TAG samples were dried under nitrogen gas and dissolved in
150 lL toluene and 1 mL of 5% H2SO4 in methanol and heated for
90 min at 70 C in tightly capped tubes. Tubeswere allowed to reach
room temp and then 0.5 mL of 0.9% NaCl and 0.5 mL Hexane was
added. To avoid losses due to the volatility of medium-chain length
FAMEs,precautionswere takenduring transmethylationprocedures
and GC analysis. Following phase separation the organic phase was
transferred without evaporation directly to a GC vial. FAMEs were
separated on a DB-23 capillary column 30 m  0.25 mm ID,
0.25 lmﬁlm thickness using heliumas carrier gas at a constant ﬂow
of 1.5 mL min1. To ensure resolution ofmedium-chain FAMES from
the solventpeak, a lower initial oven temperatureof 115 C for 3 min
was used, then increased to 230 C at 5 C min1 andmaintained for
1 min. Injector and detector temperatures were maintained at
250 C throughout the analysis.
2.5. ESI-MS analysis
TAG analysis was preformed in positive ion mode as ammo-
nium adducts according to [26] with 10 mM NH4Ac in isopropanol
as mobile phase. Signal to analyte is dependent on acyl chain
lengths and number of double bonds. Calibration curves with
tri8:0, tri9:0, tri10:0, tri12:0, tri15:0, tri16:0, tri17:0, tri18:0,
tri18:1, tri18:2, tri18:3 and tri19:0 TAG were analyzed at six differ-
ent concentrations (0.5, 1, 2, 5, 10 and 20 lM). Each calibration
curve was spiked with 10 lM tri13:0TAG. Calibration factors were
calculated based on number of carbon and number of double bonds
in relation to tri13:0TAG signal. Signal from biological TAG molec-
ular species were correlated to ESI-MS internal standard (tri13:0-
TAG) and quantiﬁed using calibration factors from standard curve.
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Fig. 1. Accumulation of medium chain fatty acids is increased in mutants of acyl-
ACP synthetase. Open symbols represent independent transformation events
expressing CpuFATB3 (A), ChFATB2 (B), UcFATB (C) and CpFATB2 (D). Solid symbols
represent average mol% medium chain fatty acids in seed TAG. Circles and triangles
represent wild type and aae 15/16 background, respectively. Note that the y-axis
do not start at zero. Students t-test: P < 0.01 (A), P = 0.05 (B), P = 0.10 (C) and
P = 0.27 (D).
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3.1. Medium-chain fatty acid accumulation is higher in an acyl-ACP
synthetase mutant
A primary aim of this study was to investigate whether plastid
localized acyl-ACP synthetase is one factor that limits the accumu-
lation of MCFAs in transgenic Arabidopsis seeds. We hypothesized
that MCFAs released from acyl-ACP by transgenic acyl-ACP thioes-
terase would be less likely to re-enter plastidial fatty acid elonga-
tion in aae15/16 double mutant (Ws ecotype). To test this
hypothesis, four genes encoding FATB acyl-ACP thioesterases from
C. pulcherrima (CpuFATB3, Genbank accession number KC675178).
C. hookeriana (ChFATB2, Gene bank ID: 1292905), U. californica
(UcFATB, Gene bank ID: 170555) and C. palustris (CpFATB2. Gene
bank ID: 1215719) were selected to provide chain length speciﬁc-
ities that range from 8:0 to 14:0. (Table 1). The four different acyl-
ACP thioesterase constructs, driven by the seed speciﬁc soybean
glycinin promoter, were transformed into Arabidopsis wild type
(WS ecotype) and into the aae 15/16 mutant background.
When expressed in the WS wild-type background, all four
thioesterases resulted in accumulation of MCFAs (Fig. 1) with chain
lengths generally consistent with the composition of seeds from
the species from which the thioesterase originated (Fig. 2, Table 1)
and with reported in vitro chain-length speciﬁcity for the different
acyl-ACP thioesterases (Table 1). The most abundant MCFA in
transgenic seeds of plants transformed with CpuFATB3, ChFATB2,
UcFATB and CpFATB2 were 8:0, 10:0, 12:0 and 14:0, respectively
(Fig. 2). The maximum levels of MCFA accumulation in transgenic
seeds were 19% (8:0 + 10:0), 25% (10:0 + 8:0), 43% 12:0 and 42%
14:0 for CpuFATB3, ChFATB2, UcFATB and CpFATB2, respectively
(Table 2). As expected there was considerable variability in MCFA
levels between independent transgenic lines expressing the same
construct, presumably due to positional effects (i.e., where in the
genome the transgene was inserted) and number of transgene
insertions [11,27] (Fig. 1).
When the same constructs were expressed in the aae 15/16mu-
tant background, the level of MCFA in seed TAG was higher for
three of the four thioesterases. For CpuFATB3, the average 8:0 level
increased almost 2-fold, from 4.8 to 9.2 mol% (different at P-value
<0.0001) and the total MCFA (8:0 + 10:0) increased from 11.7 to
15.9 mol%. Although the mol% MCFA range of the independent
transformants overlap, the increases attributable to expression in
the aae 15/16 mutant background were statistically signiﬁcant at
P = 0.01; P = 0.05; and P = 0.1 for lines expressing CpuFATB3,
ChFATB2 and UcFATB, respectively (Fig. 1A–C).
With increasing chain length i.e., 14:0 > 12:0 > 10:0 > 8:0, seeds
accumulated higher levels of MCFA (Fig. 2A–D) in both the WT and
aae 15/16mutant background. This is possibly a consequence of the
speciﬁcity of Arabidopsis enzymes involved in glycerolipid/TAG
assembly that less easily accepts shorter chain lengths. Species that
accumulate speciﬁc FA have apparently co-evolved a number of
enzymes (e.g., acyl-CoA synthetase, GPAT, LPAAT and DGAT
[28,29]) that accommodate these structures. For example, in saf-
ﬂower, the acyl-CoA synthetase activity in microsomes is 45-fold
higher for 18:2 compared to 8:0 FA [30]. Thus, we can expect that
Arabidopsis enzymes are better suited to use acyl chains with theTable 1
Medium chain fatty acid composition, genes and substrate speciﬁcity used in this study.
Species MCFA Ge
Cuphea pulcherrima 94% 8:0 Cp
Cuphea hookeriana 50% 8:0, 25% 10:0 Ch
Umbellularia californica 20% 10:0, 70% 12:0 Uc
Cuphea palustris 20% 8:0, 65% 14:0 Cplonger FA normally found in Arabidopsis compared to MCFA pro-
duced by thioesterases not normally found in Arabidopsis. If not
accepted by the transgenic host enzymes, the MCFA may become
reactivated to acyl-ACP by AAE, elongated by fatty acid synthase,
or alternatively undergo b-oxidation.
In addition to demonstrating that 8:0, 10:0 and 12:0 accumula-
tion can be increased by expression in aae 15/16 lines, these results
establish that acyl-ACP synthetase enzymes activate not only exog-
enously added fatty acids [18], but also those produced in planta.
Fig. 3 summarizes our model for the action for AAE15/16 in trans-
genic plants expressing CpuFATB3
3.2. Long chain fatty acid composition is altered in plants expressing
acyl-ACP thioesterases
With increasing levels of MCFA in transgenic seed, it is expected
that the proportion of long chain fatty acids will be correspond-
ingly reduced [10,11]. This was the case for both WT and aae 15/
16 plants that accumulate 12:0 and 14:0 MCFA, which show a de-
crease in all C18 FA (Fig. 2G and H). However, in seeds producing
8:0 and 10:0, the 18:1 mol% increased approximately 2-fold from
13 mol% in non-transformed lines to 27 mol% and 24 mol% in seeds
transformed with CpuFATB3 and ChFATB2 (Fig. 2E and F). There
was an approximately linear positive correlation between 8:0
and 10:0 levels and the increase in mol% 18:1 (Fig. 4A and B). All
other long chain fatty acids (16:0, 18:2, 18:3) correlated negatively
or showed no correlation to MCFA accumulation. In contrast, trans-
genic Arabidopsis that primarily accumulate 12:0 and 14:0 (both
UcFATB and CpuFATB2) have a negative correlation between MCFA
and 18:1 (and 18:2/18:3) (Fig. 4C and D).
Decreased levels of monounsaturated 18:1, and increases in
18:2 and 18:3 is commonly observed in plants and other organ-
isms grown at low temperatures and has been attributed as anne name Substrate speciﬁcity Reference
uFATB3 Not reported [9]
FATB2 8:0-ACP, 10:0-ACP [10]
FATB 12:0-ACP [5,35]
FATB2 14:0-ACP, 16:0-ACP [33]
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Fig. 2. Fatty acid composition in seed TAG of wild type (black bars) and aae 15/16
plants (grey bars) expressing CpuFATB3 (A, E), ChFATB2 (B, F) UcFATB (C, G) and
CpFATB2 (D, H). White bars represent untransformed wild type. Values represent
average ± SE. No medium chain fatty acids were detected in wild type or aae 15/16
backgrounds. There is no difference in fatty composition between wild type and aae
15/16 background (Supplemental Table I).
Table 2
Measured vs predicted level of tri-MCFA triacylglycerols. Data are from transgenic
lines with the highest content of MCFA. Measured content are from ESI-MS analysis
and random values are calculated based on fatty acid composition assuming equal use
of all fatty acid for three positions.
Acyl-ACP thioesterase MCFA (mol%) tri-MCFA TAG (mol%)
GC-FID Measured Predicted if random
CpuFATB3 18.6 nd 0.6
ChFATB2 25.4 nd 1.6
UcFATB 43.0 3.8 8.0
CpFATB2 41.9 4.6 7.4
nd: not detected.
AtFATA/B 
Acetyl-CoA 
C8-ACP 
C16/18-ACP C16/18-FFA 
C8-FFA 
Acyl-CoA 
CpuFATB3 
AAE15/16 
TAG Plastid
Fig. 3. Release and reactivation of C8 free fatty acid in transgenic Arabidopsis
expressing CpuFATB3. C8 FFA is released from C8-ACP by CpuFATB3. Through
acyl:acyl carrier protein synthetases (AAE15/16) a portion of C8-FFA is reactivated
to C8-ACP and is further elongated to C16/18. In the aae 15/16 mutant, reactivation
is reduced, allowing more C8 FFA to be exported out of the plastid, and incorporated
into TAG.
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sponse is also observed in the TAG content of oilseeds [32]. There-
fore, one explanation for an increase in 18:1 and decrease in 18:2
and 18:3 in plants that accumulate 8:0 and 10:0 is that transgenic
MCTE plants modulate fatty acid desaturation in response to the
greater ﬂuidity of membranes (or TAG) containing 8:0 and/or10:0. An additional possibility is that the Arabidopsis FAD2 is less
able to desaturate 18:1 to 18:2 when paired with 8:0 or 10:0 on PC.
3.3. Non-random distribution of MCFA in TAG molecular species
In naturally occurring triacylglycerols, unsaturated fatty acids
are more abundant at sn-2 of glycerol, whereas saturated, or unu-
sual FAs are generally excluded from sn-2. As a result, there is an
under-representation of species with the same FA on three posi-
tions compared to that calculated from a random distribution. To
further understand the metabolism of MCFA in transgenic Arabid-
opsis seeds, we used ESI-MS to analyze the molecular species of
TAG from Arabidopsis expressing the FATB acyl-ACP thioesterases.
Fig. 5 presents mass spectra of TAG species from seeds expressing
the four transgenes in the aae 15/16 background. TAG species with
at least one MCFA represent 48%, 51%, 40% and 23% in plants
expressing CpuFATB3, ChFATB2, UcFATB and CpFATB2, respectively
(peaks in shaded green area in Fig. 5).
As noted above, with increased levels of 8:0 and 10:0 MCFA
there is a concomitant increase of 18:1 from 13 to 27 mol% in
the FA composition (Fig. 2E and F). To further investigate the 8:0/
10:0-to-18:l connection we examined TAG molecular species with
one or two MCFA paired with two or one 18:1 species. This analysis
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940 H. Tjellström et al. / FEBS Letters 587 (2013) 936–942revealed that TAG species with one or two 18:1 paired with two or
one 8:0/10:0 FA have a positive correlation to the level of MCFA in
CpuFATB3 and ChFATB2 (Fig. 6). Thus, our evidence indicates that
8:0 and 10:0 MCFA are preferably paired with 18:1 FA compared
to 18:2 or 18:3 in seed TAG in transgenic Arabidopsis. This phe-
nomenon was not observed in the UcFATB and CpFATB2 transgen-
ics producing 12:0 and 14:0.
Additional evidence for mechanisms that specify the molecular
species of TAG can be found in the difference between measured
and predicated levels of tri-MCFA-TAG species (Table 2). The theo-retical level of tri-MCFA-TAG, calculated based on a random distri-
bution of MCFA is higher than the measured value in all cases. For
transgenic Arabidopsis expressing UcFATB or CpFATB2, tri12:0 or
tri14:0 represented 3.8 and 4.6 whereas if randomly distributed
would be 8% and 7.4%. No TAG species with MCFA at all three posi-
tions were detected in transgenic Arabidopsis expressing Cpu-
FATB3 or CpuFATB2 (Fig. 5B and C). Previous analysis of C.
palustris TAG reported similar phenomenon. If distributed ran-
domly tri-14:0 would represent 12% of all TAG species, but only
trace amounts were detected [33]. Thus mechanisms that restrict
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H. Tjellström et al. / FEBS Letters 587 (2013) 936–942 941accumulation of TAG species with three MCFA are present not only
in native species producing MCFA but also in transgenic plants
coping with non-native fatty acid synthesis.
In summary, our results provide two major conclusions: (1) AAE
enzymesparticipate in activationofMCFA synthesized in plastids, in
addition to exogenously added FA and (2) it is possible to increase
the accumulation ofMCFATAG in seed oils by limiting acyl-ACP syn-
thetaseactivity. Themol%of8:0 in seedTAGwas increasedbyalmost
2-fold in aae 15/16 seeds expressing CpuFATB3 acyl-ACP thioester-
ases. The fold increase of 8:0 is higher than the enhancement ob-
served for ricinoleic when castor DGAT2 is co-expressed with the
FAH hydroxylase [34] or the enhancement in laurate levels when
coconut LPAAT is co-expressed with UcFATB [8]. Because of its po-
tential applications and low availability from natural sources, 8:0
production in high-yielding oilseed crops can potentially be a valu-
able commodity. This study illustrates that AAE reduction is one ap-
proach that may be a useful adjunct to other strategies to increase
MCFA, particularly 8:0, accumulation in crops.
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